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1. INTRODUCTION 
Soil testing is an effective and practical tool for making fertilizer 
recommendations. Soil test results must be interpreted through green-
house and field studies on various crops. A soil test is not a cure-all 
for soil fertility and manuring problems, but is only one tool, merely 
showing the relative level of a particular nutrient in the soil. The 
test values must be calibrated in field trials where consideration is 
given to other factors such as variety, climate, general soil conditions, 
etc. 
At the Institute for Soil Fertility a search was begun for a better 
method for the extraction of soil phosphate. In 1968 an improved method, 
based on a water extraction of soil - the Pw value method - was introduced 
as the foundation of fertilizer recommandations for arable land (Van der 
Paauw et al., 1971). The correlation between the soil phosphate extracted 
by water (Pw-value) and the response of the plant, measured in most cases 
by the P205-content of dry matter of young plants, was found to be high 
on Dutch soil types and was not affected by differences in such soil 
factors as organic-matter content, particle size distribution, CaCO -
content, pH, phosphate fixation capacity and other factors related to the origin 
of the soil. The analytical technique of this method has been described 
by Sissingh (1971). For efficacious determination of the phosphate status 
of a soil in relation to phosphate nutrition of plants, there must be 
conformity with respect to the mobility of the soil phosphate: (a) in the 
case of P-extraction by plants and (b) in the case of P-extraction by an 
extracting liquid. Investigations with radioactive phosphorus (32P) showed 
that the content of mobile soil phosphate in suspensions of soil and water 
(the E-value) equals or very closely approaches the content of mobile phos-
phate under soil conditions as prevailing in pot experiments (the so-called 
L-value). This means that chemical activities of plant roots, resulting 
in mobilization of initially immobile soil phosphate components, are usual-
ly so small that they may be ignored. The above-mentioned statement (E=L) 
justifies the choice of water as the extractant for the determination of 
the phosphate status of soils. 
Extraction with different water:soil ratios indicated that over a 
wide range of ratios a very simple relationship existed between the 
reciprocal P-concentration of the filtrate and the water:soil ratio 
(Sissingh, 1969). The P-concentration (c ) of the liquid phase of a sus-
pension of soil and water depends on (1) the content of exchangeable 
soil phosphate (E) under the conditions prevailing in the experiment, 
(2) the water:soil ratio (v), (3) the phosphate buffering characteristics 
of the soil under the particular experimental conditions, expressed as an 
apparent volume(q) of the solution absorbed by the soil. The relation is 
given by the formula as follows: 
E 
v - - - q 
o 
When the water:soil ratio (v) is increased, the phosphate concentration 
(c ) will decrease, if E and q are constant. This has been found to be 
the case for relatively wide water:soil ratios (v). At narrow ratios 
the content of exchangeable soil phosphate (E) is lower and the phosphate 
buffering value (q) is higher than at relatively wide ratios. 
The water:soil ratio affects also the extent of partial exhaustion of 
the mobile soil phosphate. The wider the ratio, the higher the partial 
exhaustion. Partial exhaustion of the mobile soil phosphate by plants 
may be compared with the partial phosphate exhaustion by water. 
Water-soluble phosphate added to the soil reacts with phosphate-fixing 
components, resulting in a partial withdrawal of the phosphate from the 
solution. From the observation of this partial withdrawal of phosphate 
under standarized conditions a P-fixation characteristic of the soil can 
be derived. 
The effect of neutral salts on the retention of phosphate in the soil 
has been the subject of many investigations. 
The salts of different cations affect the amount of soil phosphate in 
the solution (Lehr and Van Wesemael, 1952). The effect of fertilizer 
salts (ammonium sulphate, potassium chloride) on the soil and fertilizer 
phosphate remaining in the solution no doubt is strongest immediately 
after application. The addition of neutral salts to soil suspensions 
decreases the concentration of phosphate in the soil solution (Eriksson, 
1942). Consistent with this observation is the fact that the concentration 
of phosphate in the soil solution usually increases upon dilution of the 
suspension with water (Mattson et al., 1950; Sissingh, 1969). 
Calcium chloride as the suspending electrolyte always gave lower phos-
phate solubility than potassium chloride of the same normality (Rajan 
and Fox, 1972). An increase in ionic strength (i.e. counterion concen-
tration) decreases the thickness of the diffuse double layer, and there-
by the volume of the inner solution. Consequently, if the charge on the 
surface remains constant, the concentration of anions in the diffuse 
double layer will increase (Ryden and Syers, 1975). 
An increase in ionic strength at constant pH, however, also increases 
the surface charge (Parks and De Bruyn, 1962) and consequently the abso-
lute amounts of anions in the inner solution. An increase in the ele-
trolyte concentration or a decrease in SAR (sodium adsorption ratio) 
compresses the diffuse double layer of the clay surface. This compression 
enhances the accessibility of the edges and faces of the clay plate to 
the phosphate anions and consequently promotes phosphate retention. A 
decrease in the electrolyte concentration or an increase in SAR may occur 
simultaneously. This masks accessibility to edge and face sites and 
consequently reduces phosphate retention (Ryden et at.t 1977). 
Around the surface of the soil particles suspended in water an electric 
double layer is formed. As the soil particles have a negative charge, 
the anions are on the particle side and the cations on the liquid side 
of the double layer (Hissink, 1925). The anions on the solid side of the 
double layer must be the anions of the clay acids (alumino-silica acid) 
or of the humus acids, while the cations on the liquid side of the double 
layer will be Ca-, Mg-, K-, Na-ions, also H-ions. 
The resulting spatial distribution of charges (e.g. a negatively charged 
surface with an accumulation of positively charged ions close to it) is 
in priciple analogous to that of a plate condenser. It was given the name 
"electric double layer" (Bolt and Bruggenwert, 1978). The accumulated 
"counter" ions on the surface can move freely through the solution phase. 
This implies that they are subject to two opposing tendencies, viz.: 
(a) they are attracted towards the surface by the electric field (adsorp-
tion tendency) and (b) they tend to distribute themselves evenly throug-
out the solution phase by diffusion (diffusion tendency). For the forma-
tion of the diffuse double layer, -viz., the tendency of the counterions 
to diffuse away from the accumulation zone towards the region of lower 
concentration in the bulk solution - it may be concluded that the 
addition of salts (potassium or calcium chloride) to the bulk solution 
suppresses the tendency of the counterions to diffuse away from the 
accumulation zone and thus decreases the extent "u" of the double layer. 
This parameter "u" may be defined as the width of the zone in which the 
electric field of the charged surface still affects the concentration 
of the counterions. An equally important factor in determining the 
extent of the diffuse layer is the valency of the counterion. Divalent 
cations (Ca2+) are attracted more than monovalent cations, so "u" must 
decrease with increasing valency of the counterion. 
After addition of salts to the bulk solution, the filtrate of the soil 
suspension contains more hydrogen ions, as was indicated by the increas-
ing acidity. The ill-defined effect of pH on the behaviour of aluminum 
and iron phosphate and associated hydrous oxides of iron and aluminum 
may be represented in an oversimplified way by the conventional equation 
(Black, 1968): 
AlPC^ + 30H ^""-- ---- A1(0H) + PO*-
which emphasizes the role of hydroxyl-ion activity. With an increase in 
pH or hydroxyl-ion acitivity, aluminum and iron phosphates release 
phosphate in soluble form; the aluminum and iron remain in insoluble form 
as hydroxides. Conversely, with a decrease in pH or hydroxyl-ion activity, 
or with an increase in phosphate ion activity, the tendency of aluminum 
and iron hydroxide to react with phosphate to form Al-P and Fe-P increases. 
This reaction is sometimes referred to as an anion exchange, which implies 
that soils have an anion-exchange capacity analogous to the cation-
exchange capacity. Replacement of hydroxyl by phosphate is indeed some-
what similar to the replacement of hydrogen in pH-dependent cation-
exchange positions by other cations, but hydroxyl ions are not subject 
to replacement by phosphate at high pH values, whereas they may be re-
placed at low pH values. Halstead et al. (1963) indicated that the usual 
effect is an increase in mineralization with an increase in soil pH. The 
effect of soil pH on organic phosphate mineralization may be accounted 
for by the theory that raising the pH reduces the sorption of organic 
phosphate compounds by hydroxy oxides, which increases their solubility 
and susceptibility to mineralization. 
Mono- or divalent cations added to a clay-phosphate system may affect 
phosphate adsorption in a number of ways. The aluminum ions replaced by 
the cations may precipitate with the phosphate ions, either in the 
equilibrium solution or in the diffuse double layer; the activity of the 
phosphate ions in both the equilibrium solution and the diffuse double 
layer is determined by the concentration and charge of the added cations 
(Pissarides etal.3 1968). 
The cation (K ) determines the amount of reactive aluminum, so that the 
exchangeable cations (K ) determine the extent of formation of basic 
aluminum phosphate in the solution (Wild, 1953). And the formation of 
insoluble Ca-P complexes that may be found in the solution containing 
Ca2+ as suspending electrolyte as well as phosphate ions results in the 
solubility of phosphate being lower than when K is the suspending elec-
trolyte (Rajan and Fox, 1972). 
The concentration of organic substances is highest when the water:soil 
ratio is widest (Aslyng, 1964). Thus, in the aqueous extract, as the 
water soil ratio rises, the amount of dissolved organic matter increases. 
The purposes of the experiments were: (1) to determine the Pw-value, 
(2) to determine A Pw% (% of added phosphate remaining in solution), 
(3) to study the behaviour of the soil phosphate fraction in suspensions 
of soil and water in a series of various ratios (1:3, 1:5, 1:10, 1:20, 
1:40, 1:60, and 1:80) of soil weight/volume of water, (4) to determine 
the effect of various concentrations of neutral salts with cations of 
different valencies on the phosphate concentration in soil suspensions, 
(5) to determine phosphate adsorption by extracting soil with water, with 
addition of various amounts of phosphate, (6) to examine the effect of 
neutral electrolytes(potassium and calcium chloride) on the solubility 
of phosphate, Ec, pH of solution, and extinction of the coloured solution. 
2. MATERIALS AND METHODS 
2.1. The Pm-value method 
The Pw-method was developed on the basis of physico-chemical experiments 
with soils and pot experiments with the same soils. 
Using water as the extractant, the method was then developed by varying 
the ratio of soil to water and evaluating the results by correlating the 
amounts of extracted P with the phosphate contents of the plants in pot 
experiments. In this way it was found that a ratio of 1:40 (weight/volume) 
was satisfactory. Later, this ratio was changed to 1:60. By measuring the 
soils with a 1.2 ml scoop instead of by weighing, the procedure was great-
ly speeded up. This is an advantage in routine work and at the same time 
a fundamental improvement: plants have at their disposal a volume, not 
a weight of soil. Premoistening the soil with a small amount of water 
(2 ml) to bring it back to near its condition in the field was found to 
be an improvement, particularly for soils rich in organic matter. 
Soils samples are dried at 30-40 C, coarse particles (plant residues 
and grit) are removed and the soil is ground to pass a 2 mm sieve. Fill 
the scoop amply and pack down the contents by standarized tapping or 
vibrating. Level off with spatula, and transfer content (1.2 ml) to a 
flask of about 125 ml. The results obtained on a volume basis correlate 
slightly better with crop response than those obtained on a weight basis 
at approximately the same ratio of soil and water (Van der Paauw, 1971). 
The 1.20 ml sample is moistened with 2 ml of demineralized water, shaken 
a few times by hand and allowed to settle for 22 hours at 20 C. Then 
70 ml demineralized water of 20 C are added and the suspension is shaken 
vigorously for 1 hour at the same temperature (160-170 strokes per minute 
with bottle upright, or 30 rpm turning bottle end over end). Thus, the 
water:soil ratio has become 60:1, both on a volume basis. Filtering is started 
after a fixed time. The filter must be fine and should neither release 
nor adsorb phosphate. To avoid turbidity, two filter discs folded 
together are used,margin of filter disc is waxed with paraffine wax to 
prevent the suspension from creeping over the edge; the first millilitres 
of filtrate (which are often turbid are discarded).If, exceptionally, 
the whole filtrate is turbid, about 1.5 g NaCl crystalsto 50 ml of 
filtrate is added, and filtered again over clean paper. The NaCl concen-
tration of about 0.5 N does not affect the estimation of phosphate. For 
the Murphy and Riley's colorimetric method (1962) of estimating phosphate 
the following reagents are needed. 
i? 1. Acid molybdate solution; Mix 640 ml of 5 N HjSO,, with 200 ml of 
4% ammonium molybdate (NH^) Mo?021t.4H 0. Store the solution in dark. 
R2. 1.75% Ascorbic acid solution. Only freshly prepared solution should 
be used. 
RS. 0.275% Potassium antimonyl tartrate solution. KSbOC,H,0C.5H„0. 
J
 i* i| 6 2 
Mixed reagent: 210 ml Rl, 100 ml R2, and 16 ml R3. Make up to 1 1 with 
water and mix. 
Standard solution. Dissolve 1.9167 g KH2P0lt (prepared according to 
Sörensen) in demineralized water and dilute to 11(1 ml contains 1 mg 
P205). Prepare dilutions of this solution containing 10, 20, 40, 60, and 
80 yg P205 per 20 ml. Store all solutions in the dark. 
Colovimetvia analysis. Transfer 20 ml of reagent mixture to bottles 
of about 100 ml to: 
a). 20 ml of the standard solutions, include a blank (20 ml of water) 
b). 20 ml of the filtrate. Shake solutions by hand, wait 20 minutes 
and measure the absorbancy of the solutions using a 10 mm cuvet in a 
colorimeter with a red-glass filter or interference filter with maximum 
transmission at about 880 nm (850 nm is also used, but then sensitivity 
is lower). The results are expressed as yg P205/ml of soil (= ug P2O5/6O 
ml of the filtrates). 
Beer's law is followed up to 80 yg P 0 /40 ml final volume. From the 
readings Eg of the standards, calculate 103 * absorbancy per yg P205 (=a). 
10 
Denoting absorbancy of the filtrate determination by E , and absorbancy 
r 
of the blank determination by E, ,, and considering that 60 ml of the 
bl 
filtrate contains the phosphate dissolved from 1 ml of soil, while the 
determination relates to 20 ml of the filtrate, the Pw-value is calcu-
lated as follow: 
103(EF - E b l) 60 
P -value = . — me P 0 /l of soil 
w
 or, 2 5 
a 20 
The standard series of P results in a straight line for the relation 
between yg P.O./A0 ml of coloured solution and 103(E - E,
 n) (Figure 1). z 3
 s bl 
Standard series of P (method of Murphy 
103(ES-Eb|) and Riley, 1962). 
• Ï pg P2^5 t o t al standard series 
/ 'S ~ 
600 
200 
0, 
'Z 10 (E - E,.) total std. series 
s bl 
A - T T 5 T - 0.1475 
a 1424 
3 = 0.4425 
a 
_ i i E i i i 
20 40 60 80 A = 847 nm 
f9 P2O5/4O ml coloured solution 
colorimetric tube 0 10 mm 
Figure 1. Relation between pg P„0 /40 ml 
coloured solution and 103(E - E •. ). 
2.2. Determination of A Pu% 
As in the Pw method, 1.2 ml of dry soil (particles less than 2 mm) is 
scooped for the extraction. For the sake of accuracy for this experiment 
the average weight of 1.2 ml of a soil is used. It is determined by 
averaging the weight of 5 separate scoopfuls of soil. Four portions of 
average weight are then weighed out, two of which are used for the 
Pw-value and two for the Pw determination. A Pw% is the increase in 
Pw value (Pw.p ~ ^ n ) after addition of P = near to 100 Pw units 
(= 100 yg P205/ml of soil) to the soil, expressed as the percentage of 
added phosphate (2.0 ml of a KH2POl4 solution of near to 60 mg P205/1 = 120 
yg P205 /1.2 ml of soil, or near to 100 yg P2O5 /l ml of soil). For the 
Pw„-value determination, the average weight of 1.2 ml of soil is 
11 
premoistened with 2 ml of water and for the Pw determination 2.0 ml 
of the KH PO solution is added instead of water. The increased Pw-value 
2 't 
(= Pw „) is determined in the same way as the Pwz-value without addition 
+ P
 Pw+p-Pwfi ° 
of phosphate. A Pw% = — - - . 100. For tropical conditions, pre-
moistening, extraction and filtration take place at 30 C. 
2.S. Experiments 
Experiment I. Pu)~values of three Kenya soils were determined. 
The average weights of 1.2 ml of the Kenya soil samples were: Katumani(l) 
= 1.4694 g, Kikambala(2) = 1.7787 g, and Kikambala(3) = 1.7004 g. 
Experiment II. Pw% values of the Kenya soils were determined. 
Experiment III. The effect of the water-.soil ratio on the concentration 
of the filtrate. 
Water soil ratioswere set up as 3:1, 5:1, 10:1, 20:1, 40:1, 60:1, and 
80:1 on a volume/weight basis, without premoistening, and shaking end 
over end at 30 rpm for 1 hour at 20 C.The soil suspensions were filtered 
and prepared for colorimetric analysis as in experiments I and II. Soil 
samples from Katumani(l) and Kikambala(2) were used in this experiment. 
Experiment IV. The effect of various concentrations of neutral salts 
with cations of different valencies on the phosphate concentration in 
soil suspensions. 
The average weight of 1.2 ml of Katumani(l) soil was weighed out and 
premoistened with 2 ml of water. After standing for 22 hours at 20 C, 
70 ml of KCl or CaCl solution of various concentrations (0, 0.0025, 
0.005, 0.01 and 0.02 N) was added and the soil suspensions were shaken 
for 1 hour end over end at 20 C. The procedure was then continued as 
described for the previous experiment. The absorbancies of the solutions 
were measured using a 1 cm cuvet in a colorimeter (Vitatron DCP, inter-
ference filter with maximum transmission at about 880 nm). By multiplying 
the absorbancy by the factor 119.9 (derived from the P-standard measure-
ment) , the amount of phosphate as yg P205 in 40 ml coloured solution 
(= in 20 ml of the filtrate) was obtained. 
12 
Experiment V. Determination of phosphate adsorption isotherms by equi-
libration of soil with water, with the addition of various amounts of 
phosphate, following the procedure of the Pw-value determination. 
The average weights of 5 times scooped 1.2 ml of Katumani (1), Kikambala (2) 
and Kikambala (3) soils (1.2250, 1.4820 and 1.4170 g resp.) were weighed 
out in bottles. Each sample of each soil series was given phosphate 
solution of different concentrations. Corresponding to the procedure of 
the Pw-value determination first 2 ml of water or - in this case - 2 ml 
of Ca(H2P01+)2 solutions, serving at the same time for premoistening, 
were given to every bottle. After standing for 22 hours at 20 C, 70 ml 
of water was added. 
So the total volume of the solutions was 72 ml per 1.2 ml of soil or 
60 ml per 1 ml of soil. 
The ranges of the addition of various amounts of phosphate, expressed 
as yg P/ml of soil or - in concentrations - as yg P/60 ml of the 
solutions, were for Katumani (1), Kikambala (2) and Kikambala (3) soils: 
0-886 yg P, 0-885 yg P and 0-755 yg P respectively. 
The soil suspensions were equilibrated by end over end shaking for 1 hour 
at constant temperature (20 C). The suspensions were filtered and the 
filtrates were analysed for phosphate by the Murphy and Riley method (1962). 
The difference between the initial quantity of soil phosphate plus 
added phosphate in the solution and the quantity present after equili-
bration, expressed as yg P/g of soil, was taken to be the quantity ad-
sorbed from the added phosphate. 
Details of this experiment are reported in a separate paper (Al-Jabri, 1981) 
Experiment VI. The effect of neutral electrolytes (potassium and calcium 
chloride) on the solubility of phosphate, electrical conductivity, pH 
of solution, and absorbancy of the coloured solutions. 
Ten g of Katumani(l) soil sample, in duplicate, air dried and ground to 
pass a 2 mm sieve, was used for analysis. The soil samples were weighed 
in centrifuge tubes and shaken end-over-end at 20 C for 1 hour with 
100 ml of a solution of 0.5 N CaCl2,or 0.5 N KCl. After shaking, the soil 
suspensions were centrifuged at 3500 rpm for 15 minutes and the super-
natant solutions were filtered. Again salt solution was added to the 
soil and the suspensions were shaken centrifuged and filtered. This was 
13 
done three times followed by seven extractions with water at a ratio of 
10:1. Also 10 subsequent extractions with water at ratios of 10:1 and 
40:1 were involved in the experiment. Aliquots of the filtrates were 
taken for the determination of dissolved inorganic phosphate, total 
organic + mineral phosphate, and absorbancy of the coloured solution 
after measuring pH and Ec (electrical conductivity). Total phosphate 
determination following digestion with HN03 + l^SOt,(Fleischmann acid) 
were only done for the 2 ,4 ,6 ,8 , and 10 extraction. The amount 
of organic phosphate was calculated as the difference between total 
phosphate and dissolved inorganic phosphate. The method of Murphy and 
Riley (1962) was used for the determination of phosphate; absorbancy 
was measured at 880 nm in a colorimetric tube of 0 10 mm, using a 
Vitatron DCP colorimeter. 
14 
3. RESULTS AND DISCUSSION 
Experiment I: Pu-value determinations 
Pw-value determinations in Kenya soils from Katumani(l), Kikambala(2), 
and Kikambala(3) were replicated three times, respectively. Results 
are given in Table I. 
TABLE I. Pw-value determination in three Kenya soils, 
Soil series 
Katumani(l) I 
II 
III 
Kimambala(l) I 
II 
III 
Kikambala I 
II 
III 
10?. Abs. 
without 
Mo in 
reagent 
= Ebl 
8 
6 
16 
4 
5 
5 
6 
12 
5 
103. Abs. 
with Mo 
in reagent 
270 
264 
280 
20 
21 
22 
10 
16 
8 
103.Abs. 
"
Ebl 
262 
258 
264 
16 
16 
16 
4 
4 
3 
Pw-value 
(mg P205/1 
of soil) 
116.1 
114.3 
117.0 
7.1 
7.1 
7.5 
1.8 
1.8 
1.3 
Av. 
116.3 
7.2 
1.6 
The Pw-value of Katumani(l) was higher than that of Kikambala(2) and of 
Kikambala(3) soil. Soils with low Pw-values from Kikambala(2) and Kikam-
bala(3) showed more response to phosphate application in a greenhouse 
experiment using maize and soybean as indicator crops (figures 2 and 3). 
In obtaining data for soil test interpretation, the philosophy is followed 
that certain information about the soil should be obtained first in the 
Left 
Right 
Katumani(l) 
OP(Pw-value = 116) 
+ P (4.6 g P205 as 
monocalcium phosphate/10 1 
pot) 
: VG 1094 
Left : 
Right : 
Kikambala(2) 
0 P (Pw-value = 7.2) 
+ P (4.6 g P205 as 
monocalcium phosphate/10 1 
pot) 
VG 1095 
Left : 0 P (Pw-value = 1.6) 
Right : + P (4.6 g P205 as 
monocalcium phosphate/10 1 
pot) 
Kikambala(3): VG 1096 
Figure 2. Growth of maize on soils 
having different P-supplying power 
(Pw-value), as affected by P-fertilization. 
Experiment: IB 6362-1980 
B 6362 
OP + P OP + P OP + p 
Kikambala (3) 
VG 1096 
Kikambala (2) 
VG1095 
Katumani (1) 
VG1094 
Experiment: IB 6362-1980 
Pw-value at 0 P: 1.6, 7.2, and 116 mg P205/1 of soil for Kikambala (3), Kikambala (2), and Katumani (1) 
respectively. 
+ P = 2.3 g P205 as monocalcium phosphate/5 1 pot 
Growing time: 36 days 
Figure 3. Growth of soybeans on soils having different P-supplying power (Pw-value), as affected by 
P-fertilization. 
19 
laboratory, and then tested in pot experiments. Data from the pot trials 
will contribute to the establishment of critical levels of phosphate in 
the soil below which proper use of phosphate fertilizer should be 
profitable. The final test of these established critical levels must be 
made with carefully conducted field trials. 
Experiment II. Determination of A Pu%-value. 
A Pw%-value is the increase of Pw expressed as a percentage of added P 
in 2 ml of a 60 mg P205/1 KH2P01> solution, corresponding in principle 
with 100 yg P205/ml of soil. The true amount P of the added phosphate in 
this experiment was estimated at 99 yg P205/ml of soil. Results of this 
experiment are given in Table II. 
TABLE II. Pw-value and A Pw%-value determination. 
Soil series 
Katumani(1) 
Kikambala(2) 
Kikambala(3) 
* A P u m - -
Pw(0 P) 
(yg P20 /ml of soil) 
Rep. I Rep. II 
111.5 113.3 
7.5 7.5 
1.8 1.8 
Pw(+ P) - Pw(0 P) 
Av. 
112.4 
7.5 
1.8 
. 100% 
Pw(+ P) 
(yg P2O. 
Rep. I 
178.3 
86.3 
67.3 
/ml of soil) A Pw"" 
> Rep. II 
185.9 
86.3 
67.3 
Av. (%) 
182.1 70 
86.3 80 
67.3 66 
P-fixed 
(%) 
30 
20 
34 
The percentage of added P fixed by the soils from Katumani(1), Kikambala(2), 
and Kikambala(3) were 30, 20 and 34%, respectively. 
Experiment III. The effect of the water:soil ratio on the phosphate con-
centration of the filtrate. 
The relation between water-to-soil ratio and the phosphate concentration 
of the filtrate was studied. Tables III and IV, for the Katumani(l) and 
20 
the Kikambala(2) soil sample, respectively, show the results. The 
approaching amount of ug P 0 /g of soil in the solutions is calculated 
as v.c. .(As will be indicated in the next part, a correct calculation 
would be: v c , but v (= v-v.) is unknown, as v., the relatively small 
o o o 1 1 
amount of solution, absorbed by the soil, is unknown). 
TABLE III. Water:soil ratios, phosphate concentrations of the filtrates 
and amounts of ug P205/g of soil in solution, for the 
Katumani(l) soil sample. 
Ratio 
Water 
Soil V 
80 
60 
40 
20 
10 
5 
3 
P concentration 
(jig P 2O : 
Rep. I 
1.33 
1.77 
2.37 
3.75 
5.58 
7.44 
8.12 
5/ml of f 
Rep. II 
1.43 
1.79 
2.36 
3.81 
5.62 
7.58 
8.20 
<co> 
iltrate) 
Av. 
1.38 
1.78 
2.37 
3.78 
5.60 
7.51 
8.16 
_2 
c 
o 
0.725 
0.562 
0.422 
0.265 
0.179 
0.133 
0.123 
Ug P205/g of 
soil in solution 
v.c 
o 
110.4 
106.8 
94.8 
75.6 
56.0 
37.6 
24.5 
The possibility of expressing this relation mathematically was inves-
tigated by Sissingh (1969) as follows: the amount of phosphate in solution 
without soil be E, volume of solution v, and concentration c, then 
E = v.c or v = —, If the volume of the solution is altered by altering 
the amount of water, there will be a linear relation between v and — 
c 
with gradient E, passing through the origin. 
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TABLE IV. Water:soil ratios, phosphate concentrations of the filtrates 
and amounts of yg P205/g of soil in solution, for Kikambala(2) 
soil sample. 
Ratio 
Water 
Soil = v 
P concen t r a t i on ( 
Ci g P20; 
Rep. I 
0.11 
0.12 
0.14 
0.25 
0.34 
0.62 
0.72 
; /ml of f 
Rep. 
0.11 
0.11 
0.16 
0.27 
0.42 
0.63 
0.80 
V 
i l t r a t e ) 
I I Av. 
0.11 
0.12 
0.15 
0.26 
0.38 
0.63 
0.76 
1 
c 
o 
9.091 
8.333 
6.667 
3.846 
2.632 
1.587 
1.316 
Ug 
so i 
P 2 0 5 / g of 
1 in s o l u -
t i ô n , v . c 0 
8.8 
7.2 
6.0 
5.2 
3.8 
3.2 
2.3 
80 
60 
40 
20 
10 
5 
3 
It is clear that such a simple system is not applicable to a soil 
suspension, in which part of the reactive phosphate is bound to the soil. 
Outside the solution we have to consider the presence of a sorption layer. 
If the volume of the outer solution per g of soil is designated v and 
o 
that of the water in the sorption layer v., then the total volume of 
water is v + v. = v. 
o 1 
The corresponding phosphate concentrations are c and c . The amount 
of phosphate in the outer solution is v ,c and in the sorption layer 
o o 
v..c.. The total amount E of reactive phosphate is the sum of these two 
amounts : 
T, v. c. 
T. . E 1. 1 
E = v . c + v . . c v = -
o o 1 1 o c c 
o o 
Addition of v. to both sides gives 
E c. 
v = v. ( — - 1) C x c 
o o 
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Subsi * c 
tituting q for v. ( _i - l)j the equation becomes: 
o 
1 The relation between v and — will be linear, if E and q are constant 
c M 
over the range of v values. Figures 4 and 5 indeed show straight lines 
for the two soils in the experiment, in agreement with results of earlier 
experiments. 
(ml of water/g of soil) 
80 r 
60 
40 
20 
/ 
., 0.1 0.3 0.5 0.7 c0 
Figure 4. Relation between v and ^— of Katumani(l) soil sample, at 
various water:soil ratios. 
(ml of water/g of soil 
80 r 
60 
40 
20-
/ 
V 
• ' • I I 1 
8 10 "c" 
Figure 5. The relation between v and — of Kikambala(2) soil sample 
at various water:soil ratios. 
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With the increase of the water:soil ratio (v) from 3 to 80, the phos-
phate concentration (c ) decreases from 8.16 to 1.38 y g P20s/ml of fil-
trate for the Katumani(l) soil sample, and from 0.76 to O.M'yg P 0 /ml 
of filtrate for the Kikambala(2) soil sample, while the approaching 
amount of yg P205/g in the solution (v.c ) increases from 24.5 to 110.4 
yg P 0 /g of soil solution for the Katumani(l) soil sample and from 2.3 
to 8.8 yg P20 /g of soil solution for Kikambala(2) (Tables III and IV). 
Experiment IV. The effect of various concentrations of neutral salts 
with cations of different valencies on the phosphate concentration in 
soil suspensions. 
The solubility of the sesquioxide-bound phosphorus is greatly suppressed 
by the addition of neutral salts (KCl or CaCl )(Mattson et al., 1950). 
In this experiment, with increasing concentration of CaCl , the solubility 
of phosphate decreased more than with KCl at the same concentrations 
(0, 0.0025, 0.005, 0.01, 0.02 N, respectively)(Figure 6). From 0 to 0.01 N 
concentration of each salt the concentration of phosphate decreases 
considerably (from 1.95-1.05 yg P20s/ml of filtrate for KCl, and from 
2.05-0.85 yg P2O5/111I of filtrate for CaCl2). At salt concentrations 
exceeding 0.01 N, the concentration curve of phosphate levels off. Thus, 
cations of different valencies affect the concentration of phosphate in 
soil suspensions differently. Mattson et al. (1950) pointed out that the 
soil contains a certain amount of adsorbed (sesquioxide-bound) phosphate. 
Let the saturation value be S. The adsorbed phosphate is in equilibrium 
with a certain concentration of HjPO^ions in the micellar solution. Let 
the activity of these ions in the innermost interfacial solution be y'. 
These ions are in equilibrium with the H PO -ions in the extramicellar 
(free) solution where their activity is x'. The distribution of the 
H2P01(-ions between the "inside" and the "outside" solution must be accor-
ding to the law of mass action and must therefore be a Donnan distribution. 
We may write for the equilibrium situation: 
«£. -^ 
S y» x» (1) 
At very low salt concentration x' >y! 
If sufficient salt is added to this system, x' and y' become nearly equal. 
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/ug P205/mlof f i l t rate 
2.00 r 
1.60 
9.72' 19:4 
xKT'N 
Figure 6. The effect of various concentrations of neutral salts with 
cations of different valencies on the P-concentration in 
soil suspensions. Soil: Katumani(1). 
Where the solution volume is small as in the soil, this is brought about 
by the slightest adsorption of phosphate, as this will greatly reduce 
x' without appreciably affecting y' which remains nearly constant, in 
equilibrium with the well buffered reserve of adsorbed phosphate S. Hence 
we can write: 
r _„ 
(2) 
The long arrows show the direction into which the reaction must go for 
equilibrium to be established. System (2) shows the mechanisms of 
"fixation" of phosphate when a salt is added to the soil. The salt does 
not make the adsorbed phosphate more insoluble, nor is y' reduced, but 
the Donnan equilibrium demands that y' /x' becomes larger and this is 
accomplished by suppression of x'. If system (2) is diluted, x' must 
again become larger, despite the increase in the solution volume, until 
S is so depleted that y' is small enough to compensate for the Donnan 
effect. Hence we get: 
^ 
(3) 
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Experiment V. Determination of phosphate adsorption isotherms by equi-
libration of soil with water, with the addition of various amounts of 
phosphate, following the procedure of the Pw-value determination. 
The adsorption of phosphate ions by soil minerals has been the subject 
of much research. Phosphate adsorption constitutes replacement of OH -ions 
on the surface of silicate clay minerals or mineral oxides (Thompson and 
Troeh, 1978). 
The amount of phosphate adsorbed, expressed as y g P/g of soil, may be 
plotted against the equilibrium solution concentration (yg P/ml) to give 
the adsorption isotherm (Figure 7a). The adsorption isotherm describes 
the equilibrium relationship between adsorbed phosphate and phosphate 
solution concentration at a given temperature. The phosphate adsorption 
maximum was calculated with the Langmuir isotherm equation, using the 
relation c £ 1 
x/m " b K b (Table V and Figure 7b), 
The soils can be arranged in the following order of decreasing adsorp-
tion of phosphate: Katumani(l) > Kikambala(3) > Kikambala(2). The ability 
of those soils to sorb added phosphate is related to the content of ses-
quioxides. Thus, soil containing a large amount of sesquioxides represents 
a relatively large number of adsorption sites. Details of this experiment 
have been reported in a separate paper (Al-Jabri, 1981). 
The adsorption maxima, adsorption constants, and the regression lines 
for the Langmuir equation for three Kenya soils are given in Table V. 
TABLE V. The adsorption maximum, adsorption constant and Langmuir equation 
for three Kenya soils. 
Soil series 
Katumani(1) 
Kikambala(2) 
Kikambala(3) 
Adsorption 
(yg P/g of 
b 
405.0 
52.6 
91.7 
maximum 
soil) 
Ads sorption constant 
(ml/yg P) 
K 
0.1008 
0.2414 
0.2995 
Regression equation 
c c , 1 ** 
x/m ~ b ' K b 
Y=0.00247X + 0.0245 
Y=0.01900X + 0.0787 
Y=0.01090X + 0.0364 
r 
0.994 
1.00 
0.992 
c = P-concentration yg P/ml 
x/m = P adsorbed y g P/g of soil 
b = adsorption maximum y g P/g of soil 
K = adsorption constant ml/yg p 
26 P-adsorbed 
(P-ads.atOP included) 
fj.g P/g of soil 
200 -
. KatumaniO ) 
o Kikambala (2) 
A Kikambala (3) 
5 10 15 
P-concentration /uglml of filtrate 
Figure 7a. Phosphate adsorption curve for Katumani(1), Kikambala(2) 
and Kikambala(3). 
Experiment VI. The effect of neutral electrolytes (potassium and calcium 
chloride) on the concentration of phosphate, electrical conductivity3 
pH of solution, and absorbancy of the coloured solution. 
The results aregiven in Appendix II. 
1. Soil acidity. Soils suspended in 0.5 N CaCl solution showed lower 
pH-values than those in 0.5 N KCl (Figure 8). Both A- and B-extractions 
f_l_ 
reached their maximum pH of 7.2 and 6.8, respectively, at the 6 ex-
traction (3 times with 0.5 N KCl followed by 3 times with H O , or 3 times 
with 0.5 N CaCl2 followed by 3 times with H20). 
Soils suspended in H20 at a wide ratio (40:1 = D-extraction) showed 
lower pH-values than in H20 at a narrow ratio (10:1 = C-extraction). 
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4--102 
x/m 
4 0 r 
30 
20 
10 
. Katumani (1) 
o Kikambala(2) 
A KikambalaO 
5 10 15 
c = concentration jugP/rnl of the filtrate 
Figure 7b. Linear re la t ionship for equilibrium P-concentrations versus 
'*; according to the conventional Langmuir equation. 
x/m 
A correlation was found to exist between pH and dissolved mineral 
phosphate (Figure 9). As pH-values increased from 5.3 to 7.3, dissolved 
mineral phosphate increased from 10-105 pg p 2 ^ s ^ °^ s o^-
2. Electrical conductivity and absorbancy of the coloured solution. At 
the high Ec (electrical conductivity) of the three extracts obtained with 
0.5 N KCl (A-extraction) or 0.5 N CaCl (B-extraction) the supernatant 
solution was very clear. In the subsequent 7 extractions with H O , Ec 
decreased considerably (Figure 10). Together with the decreasing Ec, the 
absorbancy of the coloured solutions increased (Figure 11). The highest 
absorbancy of the coloured solution in the A-extraction was found for the 
28 
pH 
7.0 
6.5 - A 
6.0 
5.5 
5.0 
\ 
• A 
oB 
A C 
Soil : Katumani(1),Kenya 
8 9 10 
N 
Figure 8. Soil acidity vs. sequence number N of extraction. 
A. 3 times extraction 10:1 with 0.5 N KCl -, followed by 7 times 
B. 3 " 0.5 N CaCl2 extraction 10:1 with H20 
CIO " 10:1 with H20 
D. 10 " 40:1 with H20 
5 extract, and in the B-extraction for the 7 extract. The intensities 
of the brown colour of the solutions are shown in figure 12. After the 
5 and 7 extraction of the A- and B-extraction, 
bancy of the coloured solution started to decrease. 
The Ec values for 1 to 10 times extracting with H 
what higher than those for 40:1. They show a tendency of only slightly 
decreasing values from the 1 to the 10 (Figure 10). The highest ab-
sorbancy of the coloured solutions in the C- and D-series (10:1 and 40:1 
ratio, extr 
(Figure 11) 
respectively, the absor-
O at 10:1 were some-
acted 10 times with HO) were found for the 2 and 3 extract 
ppm P205mineral phosphate 
100r 
75 
50 
25 
29 
• A 
oB 
A C 
A D 
Soil: Katumani (1), Kenya
 A 
^ 
J 
5.0 5.0 7.0 
pH 
Figure 9. Relation between pH and amount of P extracted. 
A. 3 times extraction 10:1 with 0.5 N KCl followed by 7 times 
B. 3 " 0.5 N CaCl^ extraction with H20 
C. 10 " 10:1 with H O 
D. 10 " 40:1 with H20 
It was assumed that there is a correlation between the sum of the 
absorbancies of the coloured solutions (Figure 13) and the sum of the amounts 
of phosphate extracted (Figure 14). In principle both values vary in a 
similar way with the varying electrolyte concentrations and with the degree 
of exhaustion of the humus as well as of the phosphate. However, the 
specific effect of the valency of cations is clearly demonstrated by the 
different shape of the curves for the A-series (KC1/H20) and the B-series 
(CaCl2/H20), especially in respect of the extracted phosphate. 
30 EcifiS) 
10 
IGT 
102 
10 
• A 
o B 
* C 
A D 
Soil: Katumani (1),Kenya 
-jst 2nd 3rd^th 5th gth 7th 3th gth -|Qth 
Extracts 
Figure 10. Electrical conductivity of the succesive extracts. 
A. 3 times extraction 10:1 with 0.5 N KCl -, followed by 7 times 
B. 3 " 0.5 N CaCl2 extraction with H20 
C. 10 " 10:1 with H20 
D. 10 " 40:1 with H20 
3. Dissolved Mineral phosphate. The three successive additions of neutral 
electrolyte, 0.5 N KCl or 0.5 N CaC^, inhibit the extraction of phosphate. 
Relatively low amounts of phosphate were found as the sum of the contents 
of the 1 to 3 extraction, namely 37 and 33 yg P205/g of soil for the 
KCl and, CaCl2 extraction, respectively (Figure 14). In the A series the 
highest amount of extracted mineral phosphate was found in the 5 ex-
traction (3 times with 0.5 N KCl, followed by 2 times with H 0), while 
the highest amount of extracted mineral phosphate in the B-series was 
reached in the 7 extraction (3 times with 0.5 N CaCl2 » followed by 
4 times with HO)(Figure 15). The maximum amount of extracted mineral 
phosphate and the maximum absorbancy of the coloured solution coincide 
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Abs. ( brown color of humus) 
8.0 
6.0 -
4 .0-
2.0 
.A 
oB 
A C 
A D 
Soil: Katumanid),Kenya 
.jst. 2nd3'111 £'n- 5 ' n 6 7 8 9 t n 10 
Extracts 
Figure 11. Absorbancy of the successive coloured solutions. 
A. 3 times extraction 10:1 with 0.5 N KCl -, 
B. 3 " 0.5 N CaCl 
C. 10 " 10:1 with H20 2 
D. 10 " 40:1 with H20 (4 x Abs.) 
followed by 7 
times extraction 
with H20 
in the A-series (5 extraction) and in the B-series (7 extraction). 
See Figure 11 and Figure 15. The maximum amount of phosphate extracted 
in the A-series is 4 times as high as the corresponding maximum in the 
B-series. The total amounts of mineral phosphate extracted in 10 times 
were 379, 332, 225, and 131 y g P205/g of soil in the sequence A>D>C>B-
series (Figure 14). Thus, solutions of divalent cations as suspending 
electrolyte always gave lower values of extracted phosphate than those 
of monovalent cations of the same normality. The ionic strength of the 
divalent cations solution is higher than that of the monovalent cations. 
The results of this experiment confirm that phosphate retention increases 
Sequence no. 
of extractions 
Figure 12. Coloured filtrates of 
centrifugates of the successive 
extracts of Katumani (Kenya) soil, 
with different extracting solutions. 
• 
7 & 
10 
rep. A rep. B rep. C rep. D 
A: 3 times extraction 1:10 0.5 N KCl 
B : 3 times extraction 1:10 0.5 N CaCl2 
C: 10 times extraction H20 
D: 10 times extraction 1:40 with H20 
followed by 7 times extraction 
1:10 with H20 
35 
lAbs . (b rown color of humus) 
1 
20 
. A 
oB 
AD A' / A'. 
Soil! Katumani (1), Kenya, 
15 
10 
Figure 13. Sequence number N of extraction vs. the sum of the 
absorbancies of the coloured solutions nos. 1 to N. 
A. 3 times extraction 10:1 with 0.5 N KCl , followed by 
B. 3 " 0.6 N CaCl2 7 times extraction 
C. 10 "-
10 
10:1 with H 0 
40:1 with H20 (4 x Abs.) 
with H 0. 
2 
with increasing ionic strength. 
Subsequent extractions with H^O at a ratio of 10:1 and at 40:1 show 
a considerable decrease of the amounts of phosphate extracted from the 
1S to the 10 extraction. The waterrsoil ratio of 40:1 always gave 
higher amounts of extracted phosphate than the water:soil ratio of 10:1 
(Figure 15), as a consequence of the lower soil-electrolyte concentration 
36 
I fig P20$lg of soil 
(mineral phosphate) 
400
 r 
. A 
o B 
A C 
300 
200 
100 
A D / 
Soil: Katumanid ), Kenya l** 
0l—L ' » i 
1 2 3 4 5 6 7 8 9 10 
N 
Figure 14. Sequence number N of extraction vs. the sum of dissolved 
mineral phosphate per g of soil in the extracts 1 to N. 
at 40:1 . Thus, the waterrsoil ratio affects the extent of partial 
exhaustion of the mobile soil phosphate, and the wider the ratio the 
higher the extent of partial exhaustion (Sissingh, 1969). 
4. Organic phosphate. The amount of organic phosphate in the 2 , 4 , 
6 , 8 , and 10 extraction was calculated from the difference between 
total phosphate and mineral phosphate (Appendix III). Total phosphate 
in the filtrate was determined with Fleischmann acid (cone. H2S01|:conc. 
HN03=1:1 v/v). 
The results show a close relation between organic phosphate and absor-
bancy of the brown centrifugates (Figure 16). Linear relations between 
the dissolved organic phosphate and the absorbancy of the brown coloured 
37 
i"gP20s/g of soil 
(mineral phosphate) 
A »A 
100 h 
75 
50 
25 
Katumani (1), Kenya 
<-"N 
-o o 
A - - A - - : t e ; $ 
1st 2nd 3rd ^th 5th ßth 7th 8tn9^niOTh 
Extracts 
Figure 15. Dissolved phosphate in the successive extracts. 
} A. 3 times extraction 10:1 with 0.5 N KCl B. 3 " 
C. 10 " 
D. 10 " 
followed by 
0.5 N Ca Cl 7 times extraction 
10:1 with H20 with H 0 
40:1 with H20 
filtrates exist for series B, C, and D. The slopes of the regression 
lines of series B, C, and D are 20.09, 19.89, and 18.96, respectively. 
They are practically equal and consequently these relations may be 
represented by the line with a slope of 19.60 calculated as the overall 
average slope for the three series B, C, and D. With respect to this 
relation series A is quite different from the others. The successive 
extractions of this A series give different relations between organic 
phosphate and the absorbancy of the brown filtrates. Only for the 8 
extraction is this relation the same as that for the average relation 
of the B, C, and D series. The reason for the difference of the A series 
(3 times KCl and 7 times H20) is not clear. The contents of organic nhosohate 
38 
Organic phosphate 
(jug P2Û5/g of soil) 
110 
x (=39.06,1.993) 
• A 
oB 
A D 
Soi I : Katumani (1), Kenya 
1.0 2.0 3.0 4.0 5.0 6.0 
Absorbancy of the brown 
coloured centrifugates 
Figure 16. Relation between organic phosphate and absorbancy of the 
brown coloured centrifugates. 
of the successive extracts of the A, B, C, and D-series are given in 
,nd , th 
6th, 8 t h, and 10 t h Figure 16. For simplification, only the 2"*, 4' 
extracts were analyzed for organic phosphate. From the results of the B, 
C, and D series it may be concluded that organic phosphate is bound to 
humus. 
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Figure 17. Organic phosphate in the successive extracts. 
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4. CONCLUSIONS 
Experiment I 
The Pw-values found for the Katumani(l), Kikambala(2), and Kikambala(3) 
soils were 116.3, 7.2, and 1.6 mg P20 /l of soil, resp. According to the 
criteria for agricultural evaluation of the Pw-value under humid temper-
ate conditions, as prevailing in The Netherlands (Appendix 1), the Pw-
value of the Katumani(l) soil sample is very high, while those of the 
two Kikambala soils are very low. 
Experiment II 
(100 -APw%) is the percentage of added phosphate "fixed" by the soil. 
Phosphate "fixed" by the soil from Katumani(l), Kikambala(2), and Kikam-
bala(3) was 30, 20, and 34%, respectively. 
Experiment III 
With the increase in water:soil ratio v(ml/g of soil), the phosphate 
concentration (c ) decreased from 8.16 to 1.38 y g P O /ml of filtrate for 
the Katumani(l) soil sample, and from 0.76 to 0.11 yg P 0 /ml of filtrate 
2 5 
for the Kikambala(2) soil sample; the (approaching) amount of phosphate 
expressed as 'Jg P 0 /g of soil in solution (v.c ) increased from 24.5 
to 110.4 for the Katumani(l), and from 2.3 to 8.8 for the Kikambala(2) 
soil sample. 
A linear relation was found to exist between v and — . From this 
c 
relation the content of exchangeable phosphate(E) and the P-adsorption 
characteristic "apparent volume of the inner solution" q could be 
calculated. 
Experiment IV 
Cations of different valencies (Ca and K ) cause differences in the 
solubility of phosphate in soil suspensions. With increasing concentration 
of CaCl2> the concentration of phosohate decreased more than with increasing 
concentration of KCl in a range of concentrations between 0 and 0.02 N. Applying 
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concentrations from 0 to 0.01 N of each of the salts, the concentration 
of phosphate decreased considerably (from 1.95 to 1.05 Jig P 0 /ml of 
filtrate for KCl, and from 2.05 to 0.85 jig P 0 /ml of filtrate for CaCl,) 
2 5 2 
In the range of salt concentrations higher than 0.01 N , the concentra-
tion curve of phosphate levels off. 
Experiment V 
Calculations on the basis of the Langmuir equation gave phosphate ad-
sorption maxima of 405.0, 52.6, and 91.7 yg P/g for the Katumani(l), 
Kikambala(2), and Kikambala(3) soils, respectively. Phosphate adsorption 
by the Katumani(l) soil sample exceeded the amounts adsorbed by the 
Kikambala(2) or the Kikambala(3) soil samples. The ability of the soils 
to sorb added phosphate depends on, among other things, their content 
of sesquioxides. The soils can be arranged in the following order of 
decreasing percentages of sesquioxides: Katumani(l), Kikambala(3), and 
Kikambala(2). 
Experiment VI 
Katumani(l) soil suspended in 0.5 N CaCl2 solution had a lower pH than 
0.5 N KCl. Also, soil suspended in H20 at a wider ratio (40:1 = D-extrac-
tion) had a lower pH than in H20 at a narrow ratio (10:1 = C-extraction). 
A correlation was found to exist between pH and phosphate concentration. 
The maximum amount of mineral phosphate extracted in the A-series was 
4 times as high as the corresponding maximum in the B-series. The total 
amounts of mineral phosphate extracted in 10 times were 379, 332, 225, 
and 131 yg P205/g of soil in the sequence A>D >C >B-series. Thus, solu-
tions of divalent cations as suspending electrolyte extracted lower 
amounts of phosphate than those of monovalent cations of the same normal-
ity. The results of this experiment confirm that phosphate retention 
increases with increasing ionic strength of the extractant. 
It was found that a close relation existed between organic phosphate 
and absorbancy of the brown centrifugates. There were linear relations 
between dissolved organic phosphate and absorbancy of the brown filtrates 
for the series B, C, and D. With respect to this relation, series A 
differs widely from the others. From the results of the B, C, and D 
series it may me concluded that organic phosphate is bound to humus. 
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5. SUMMARY 
The Pw-value of three tropical soils from Kenya was determined in the 
laboratory. 
In pot experiments, two Kikambala soils with a low Pw-value responded 
more strongly to phosphate application than a soil from Katumani with a 
high Pw-value. 
Increasing the water:soil ratio (v/v) from 3:1 to 80:1 decreased the 
phosphorus concentration (c ) of the filtrate from 8.16 to 1.38 y g P 0 /ml 
in the Katumani(l) soil, and from 0.76 to 0.11 yg P205/ml in the Kikam-
bala(2) soil; the amount of P extracted from soil in solution increased 
from 24.5 to 110.4 yg P205/g of soil in the Katumani(l) sample, and from 
2.3 to 8.8 yg P 0 /g of soil in the Kikambala(2) soil. 
++ + 
Cations of different valencies (Ca and K ) had a different effect on 
the concentration of phosphorus in soil suspensions. Increasing the salt 
concentration from 0 to 0.01 N decreased the concentration of phosphorus 
in the Katumani(l) soil considerably (from 1.95 to 1.05 yg P 0 /ml 
filtrate for KCl and from 2.05 to 0.85 yg P205/ml filtrate for CaCl2). 
At salt concentrations higher than 0.01 N the concentration curves for 
phosphorus leveled off. CaCl as the suspending electrolyte always gave 
lower phosphorus concentrations than KCl of the same normality. Phos-
phorus retention increased with increasing ionic strength of the solution. 
In studies on phosphorus adsorption isotherms,using the Langmuir equation, 
phosphorus adsorption maxima of 405.0, 52,6, and 91.7 y g P/g were found 
for the Katumani(l), Kikambala(2), and Kikambala(3) soil, respectively. 
One of the factors that determines the ability of these soils to sorb 
added phosphorus is the percentage of sesquioxides. 
The pH of soil suspended in 0.5 N CaCl solution was lower than in 
0.5 N KCl. Also, soil suspended in H O at a wide water-to-soil ratio 
(40:1) had a lower pH than at a narrow ratio (10:1). A good correlation 
between pH and dissolved phosphate was found. A close relation was found 
to exist between soil organic phosphate content and absorbancy of the 
brown filtrates. 
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APPENDIX I. The economically optimum application of water-soluble 
P-fertilizer, equal for all soil types in The Netherlands, 
on the basis of the Pw-value. 
Evaluation 
very low 
low 
fairly low 
sufficient 
fairly high 
high 
Pw 
(mg V20, 
of soil 
< 11 
11-20 
21-30 
31-45 
46-60 
> 60 
5/l 
) 
Recommended 
I 
240 
180 
140 
100 
60 
30 
phosphate 
type 
II 
220 
160 
120 
80 
50 
20 
appl 
of cr 
ication 
op 
III 
180 
130 
90 
60 
30 
0 
(kg P2 05/ha) 
IV 
140 
90 
60 
30 
0 
0 
Type of crop : 
I: potatoes, maize, onions, spinach, carrot, strawberries, 
II: sugar beet, flax, caraway. 
Ill: leguminous crops, barley, chicory. 
IV: small grains except barley, and all other seedcrops 
APPENDIX I I . The effect of neutral electrolyte concentration on the dissolution of hums, Ec (electr ic conductivity). pH, 
and the dissolution of mineral P. 
Fi l t rates of centrifugates of so i l suspensions shaken for 1 h . , Katumanl(l) soi l sample from Kenya. 
49 
Extractant 
Ltquid:so1l ratio 
0.5 N KCl 
10:1 
0.5 N CaCl, 
D 
H20 
40:1* 
Extraction 
1 s t . Col. Abs. 
Ec (uS) 
pH 
ppm PJOJ 
Extraction 
2na .Col. Abs. 
Ec (uS) 
pH 
ppm P205 
Extraction 
3 M .Co l . Abs. 
Ec (PS) 
pH 
ppm P205 
0.039 
25.000 
5.8 
10.9 
«nd 
0.017 
22.440 
6.0 
12.7 
3rd 
0.017 
20.968 
6.1 
13.2 
0.029 
12.464 
5.4 
10.8 
~nd 
0.962 
31 
6.8 
71.1 
«nd 
0.660 
24 
6.5 
103.0 
-nd 
0.013 
14.287 
5.5 
12.2 
, rd 
2.343 
16 
6.9 
40.3 
•>rd 
3.528 
12 
6.4 
53.8 
, rd 
0.011 
13.000 
5.5 
9.6 
2.354 
14 
6.8 
26.4 
3.648 
10 
6.5 
34.6 
Extractant H20 
(after 3 KCl) (after 3 CaC12) 
Extraction st st 7ET 7W 
Ec (uS.) 
pH 
ppm P205 
0.128 
2979 
6.9 
35.9 
0.012 
1807 
6.4 
9.0 
2.183 
29 
6.7 
19.8 
2.550 
11 
6.4 
35.8 
Extraction ~nd ~nd sth -th 
.Col. Abs. 
Ec (uS) 
pH 
ppm P205 
5.093 
362 
7.1 
85.2 
0.008 
243 
6.7 
15.1 
1.869 
15 
6.6 
16.4 
2.646 
12 
6.5 
26.8 
Extraction , rd ,rd «th «th 
Ec (uSi 
pH 
ppm P205 
4.363 
850 
7.2 
76.6 
2.870 
49 
6.8 
18.4 
1.578 
13 
6.5 
12.9 
1.716 
10 
6.3 
22.4 
Extraction 
7 t h .Col . Abs. 
EC. (uS) 
PH 
ppm P206 
«th . th , th ,th 
4.985 
41 
7.0 
52.9 
5.85B 
20 
6.6 
18.1 
1.940 
12 
6.5 
10.4 
1.866 
9 
6.3 
18.4 
Extractant 
Tur rtrr TïfT 
Ec ( p s ; 
PH 
ppm P205 
3.480 
27 
6.7 
42.6 
3.948 
14 
6.4 
15.7 
1.520 
11 
6.3 
10.6 
6.0 
15.0 
Extraction c t h , th „ th 
Ec. (pS) 
PH 
ppm P205 
Extraction 
3.418 
19 
7.0 
27.1 
, th 
3.223 
10 
6.7 
12.6 
, th 
2.144 
10 
6.6 
9.0 
10 th 
2.070 
6.5 
12.4 
10 th 
1.662 
6 
6.3 
9.4 
EC. (US) 
pH 
ppm P206 
2.053 
16 
6.8 
21.8 
2.475 
9 
6.6 
9.4 
1.634 
9 
6.5 
7.9 
*Bnxm coloured material 1n centrifugate of 40:1 extraction rat io assumed to be concentrated to 10:1 rat io solution by 
four fo ld mult ip l icat ion of the absorbancy. 
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APPENDIX III. Total-P, mineral P, and organic-P content, and absorbancy of brown coloured filtrate of centrifugate. 
Extraction vi g P-Og in centrifugate 
dissolved per gram of soil 
P-total P-mineral P-orqanic 
Absorbancy of brown coloured 10:1 
filtrate, X 366, blue sens, photo 
cell, cuvet 9 10 mm 
A-extraotion: ratio 10:1 
1*70.5 N KCl 
2na/0.5 N KCl 
3*70.5 
4th/ 
5th/ 
6th/ 
7th/ 
8th/ 
9th/ 
10th/ 
N KCl 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
B-extraction: 
Is 70.5 
2nd/0.5 
3rd/0.5 
4th/ 
5th/ 
6th/ 
7th/ 
8th/ 
9th/ 
10th/ 
N CaCl 
N CaCl 
N CaCl 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
C-extraction: 
isV 
2 n d/ 
3rd/ 
4th/ 
5th/ 
6th/ 
7th/ 
8th/ 
9th/ 
10th/ 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
D-extraction: 
i s t / 
2 n d/ 
3rd/ 
4th/ 
5th/ 
6th/ 
7 t h/ 
8th/ 
9th/ 
10th/ 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
H20 
-
14.2 
-
55.0 
_ 
186.2 
_ 
112.0 
-
47.6 
ratio 10:1 
'2 
'2 
'2 
-
13.4 
_ 
11.2 
-
76.6 
-
95.0 
_ 
55.7 
ratio 10:1 
. 
88.0 
-
63.6 
-
46.4 
-
38.8 
-
38.8 
ratio 40:1 
_ 
127.2 
-
80.8 
-
56.6 
-
51.2 
-
35.2 
10.9 
12.7 
13.2 
35.9 
85.2 
76.6 
52.9 
42.6 
27.1 
21.8 
10.8 
12.2 
9.6 
9.0 
15.1 
18.4 
18.4 
15.7 
12.6 
9.4 
71.1 
40.3 
26.4 
19.8 
16.4 
12.9 
10.4 
10.6 
9.0 
7.9 
103.0 
53.8 
34.6 
35.8 
26.8 
22.4 
18.4 
15.0 
12.4 
9.4 
1.5 
19.1 
109.6 
69.4 
25.8 
1.2 
2.2 
58.2 
79.3 
46.3 
47.7 
43.8 
33.5 
28.2 
30.9 
73.4 
45.0 
34.2 
36.2 
25.8 
sum of 
P org. 
= 187.2 
sum of 
P org. 
= 184.1 
sum of 
P org. 
= 214.6 
0.039 
0.017 
0.017 
0.128 
5.093 
4.363 
4.985 
3.480 
3.418 
2.053 
0.029 
0.013 
0.011 
0.012 
0.008 
2.870 
5.858 
3.948 
3.223 
2.475 
0.962 
2.343 
2.354 
2.183 
1.869 
1.578 
1.940 
1.520 
2.144 
1.634 
0.660 
3.528 
3.648 
2.550 
2.646 
1.716 
1.866 
1.860 
2.070 
1.662 
sum of 
Abs. (2, 4, 6, 8, 10) 
= 9.318 
sum of 
Abs. (2, 4, 6, 8, 10) 
= 9.258 
sum of 
Abs. (2, 4, 6, 8, 10) 
= 11.316 
Brown coloured material in filtrate of 40:1 extraction ratio is assumed to be concentrated to 10:1 ratio solution by 
4 x multiplication of the absorbancies. 
